Background and objectives Hispanic patients undergoing chronic dialysis are less likely to receive a kidney transplant compared with non-Hispanic whites. This study sought to elucidate disparities in the path to receipt of a deceased donor transplant between Hispanic and non-Hispanic whites.
Introduction
For most patients with ESRD, kidney transplantation is the optimal treatment providing a longer life expectancy and improved quality of life at a lower cost compared with long-term dialysis (1) (2) (3) (4) . Yet, although more than 70,000 Americans are placed on the waitlist for a kidney transplant, fewer than 18,000 receive a transplant per year (5) . Inequities in access to kidney transplantation among racial and ethnic minorities have been recognized for many years. Although these disparities have been extensively documented in African Americans (6) (7) (8) (9) (10) , other studies have shown that Asians, American Indians, and Hispanics experience decreased access to kidney transplantation as well (11) (12) (13) (14) .
In an effort to reduce disparities among racial and ethnic groups, changes to the allocation algorithm for kidneys from deceased donors were implemented to lessen the importance of HLA matching (15, 16) . However, racial and ethnic disparities persist due to the limited organ supply, patient-level factors (socioeconomic, immunologic risk factors) (17) (18) (19) (20) , transplant program practices (waitlist practices, use of extended criteria donor kidneys, organ acceptance) (21) , and the variation in organ supply and demand in different organ procurement organizations (OPOs) (22, 23) .
Hispanics represent the largest minority group in the United States (comprising 16.3% of the population) and are almost twice as likely to develop kidney failure compared with non-Hispanic whites (24, 25) . Among ESRD patients in the United States, the proportion of Hispanics newly added to the transplant waiting list has increased from 11.3% to 16.7% within the last 10 years, whereas the proportions of newly listed Caucasians, African Americans, and Asians have remained the same or started to slightly decline (26). Prior observational studies have found that Hispanics were less likely to be placed on the transplant waiting list (11, 14) , experienced longer waiting times (27) , or were less likely to receive a transplant compared with non-Hispanic whites (11, 14) . However, few studies have analyzed the effect of competing risks (e.g., death) and geographic residence in potentially perpetuating the disparate access to kidney transplantation among Hispanics.
In this study, we investigated differences in the pathway to deceased donor transplantation among Hispanics compared with non-Hispanic whites and specifically examined the effect of ethnic differences in patient demographics, comorbidities, and geographic location (i.e., designated OPO).
Materials and Methods

Study Population
From the US Renal Data System (USRDS), the national registry of individuals with ESRD, we identified all adult (aged 18-75 years) Caucasian patients who initiated dialysis between January 1, 1995 and December 31, 2007 and were followed through 2008. We excluded patients who did not survive or who received a transplant within the first 90 days. We also excluded patients who were preemptively waitlisted. We obtained kidney transplant data from the United Network for Organ Sharing (UNOS) Kidney Wait List file and Kidney Transplant files. Among patients who received more than one kidney transplant, only the first transplant was included in our analysis.
Patient Characteristics
All patient characteristics were obtained from the Centers for Medicare and Medicaid Services Medical Evidence Report (MER; form CMS-2728-U3), which is completed for every patient initiating treatment for ESRD. In addition to sociodemographic characteristics, information regarding dialysis modality, certain comorbid conditions, and few biometric data are recorded on this form.
We obtained patient-level information including designated OPO, time to placement on the transplant waitlist, and kidney transplantation from the UNOS Kidney Wait List file and Kidney Transplant File. We assigned a proxy OPO to patients not waitlisted based on the shortest distance from their residences to transplant facilities.
We obtained information on the date and causes of death from the Cause of Death form (Form 2746) and the USRDS Standard Patients File.
Variables of Interest
Exposure: Hispanic Ethnicity. A patient's Hispanic ethnicity was identified if the provider checked the box indicating Hispanic, Hispanic Mexican, or Hispanic other (item 8) on the MER (version 1995). In the updated MER (version 2005), Hispanics were identified if the provider checked Hispanic or Latino (item 9), otherwise the patient was categorized as non-Hispanic.
Outcomes. We abstracted patient files for one of three potential events: deceased donor transplant, living donor transplant, and death. All patients were administratively censored on January 1, 2009 regardless of the outcome. We considered patients lost to follow-up if the last date observed in the claims or treatment history files was before January 1, 2009. Time from the start of dialysis to receipt of the first deceased donor kidney transplant (with placement on the waitlist) was the primary event of interest. We considered living donor transplant, deceased donor kidney transplant without placement on the waitlist, death, and loss to follow-up as "competing events."
To further characterize the transition from dialysis initiation to transplantation, we examined two distinct steps on the path to deceased donor transplantation: (1) time from dialysis initiation to transplant waitlisting, and (2) time from waitlisting to deceased donor transplantation among patients waitlisted.
Covariables
Demographic and Health Characteristics. We defined each patient's age at initiation of dialysis (categorized for stratified analyses into 18-39, 40-59, 60-75 years), sex, dialysis modality (hemodialysis versus peritoneal dialysis), body mass index (BMI; in kg/m 2 , categorized into ,18.5, 18.5-24.9, 25.0-29.9, 30.0-39.9, $40.0, missing), and insurance payer status (health maintenance organization, Medicare primary part A and B, Medicare primary other, Medicare secondary payer with or without employer group health plan, 90-day waiting period, and other). Selected comorbid conditions included the reported presence of diabetes, history of hypertension, congestive heart failure, atherosclerotic heart disease, cerebrovascular disease, peripheral vascular disease, chronic obstructive lung disease, cancer, alcohol dependence, drug dependence, and tobacco use. We were only able to obtain blood type information from patients placed on the kidney transplant waitlist. We also generated an indicator of low functional status if the MER indicated the presence of the inability to ambulate or transfer.
Statistical Analyses
We assessed differences in patient characteristics among Hispanics and non-Hispanics via a two-sample t test for continuous variables and a chi-squared test for independence for categorical variables.
We estimated unadjusted and adjusted cause-specific hazard ratios (HR CS ) with 95% confidence intervals (95% CI) from time to event of interest analyses. The HR CS is interpreted as the relative hazard of waitlisting and transplantation in the presence of the competing events, (i.e., as observed in the population). The HR CS was estimated using Cox proportional hazards methods, censoring patients at the time of the competing event. To account for competing events, we also estimated subdistribution hazard ratios (HR SD ). The HR SD can be interpreted as the relative hazard of waitlisting and transplantation if the competing events did not exist. Because the only censoring performed was administrative censoring, the HR SD was also estimated using a Cox proportional hazards method, censoring those who had experienced a competing event at the administrative censoring date of January 1, 2009 (Supplemental Appendix) (28) .
We fit four models to estimate both the HR CS and HR SD : model 1 estimated unadjusted HRs; model 2 adjusted for continuous age, sex, and year at start of dialysis; model 3 additionally adjusted for all comorbidities, dialysis modality, insurance payer status, BMI, and patient blood type (blood type data were only available for patients on the transplant waitlist); and model 4 additionally stratified on assigned OPO. We tested for violation of proportional hazards by stratification and inspection of Schoenfeld residuals. Mainly due to the large sample size, we identified nominally significant effect modification by age. Because the age-stratified analyses showed similar results, we chose to present our analysis not stratified by age.
Ten percent of the data were missing for BMI and dialysis modality, in a nondifferential pattern between Hispanics and non-Hispanics. Subsequently, we performed a complete-case analysis.
Analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC) and R 2.14 (The R Project for Statistical Computing, Vienna, Austria) software.
This work was approved by the institutional review board of Stanford University School of Medicine and conducted under a data use agreement between W.C.W. and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK). A NIDDK officer reviewed the manuscript for privacy content and approved it before submission.
Results
We identified 589,290 Caucasian patients aged between 18 and 75 years who initiated dialysis between January 1, 1995 and December 31, 2007 in the continental United States and Puerto Rico. We excluded patients who had missing ethnicity information, had died or received a transplant within 90 days of the first service date, had preemptive waitlisting, had a missing or invalid zip code, or had missing patient data ( Figure 1 ). The final study cohort of 417,801 included 82,078 Hispanic patients (19.6%) and 335,723 non-Hispanic patients (80.4%). Hispanics were younger than non-Hispanics at the initiation of dialysis (56.2613.0 versus 60.1612.3; P,0.001) and were more likely to start dialysis treatment using hemodialysis (92.5% versus 88.8%; P,0.001; Table 1 ). Among the comorbidities, Hispanics had more reported diabetes and hypertension, whereas all other comorbidities were more prevalent among non-Hispanics. Regarding distribution of insurance payer status, Hispanics were less likely to have Medicare Parts A and B at the time of first dialysis (36.8% versus 51.9%; P,0.001), but were more likely to be listed under the Medicare 90-day waiting period (40.1% versus 26.3%; P,0.001). Among waitlisted patients, Hispanics were more likely to have blood type O (17.2% versus 9.5%; P,0.001). Supplemental Table 1 provides age-stratified comparisons of these characteristics.
A total of 250,889 patients (60.0%) died during 1,327,038 person-years of follow-up. Death occurred in 48.7% of Hispanic and in 62.8% of non-Hispanic patients. A total of 21,512 (5.1%) patients received a living kidney transplant, including 5.1% of Hispanic patients and 5.2% of nonHispanic patients. A total of 39,016 patients (9.3%) were lost to follow-up, including 15.1% of Hispanic patients and 7.9% of non-Hispanic patients (Supplemental Figure 1 and Supplemental Table 2 ).
Analyses of Time to Deceased Donor Transplantation
In the unadjusted model, the time from ESRD to kidney transplantation from a deceased donor was significantly shorter for non-Hispanics (HR CS , 0.87; 95% CI, 0.85 to 0.90; Table 2 ). After taking into account that Hispanics were younger (model 2) and relatively healthier (model 3) at time of ESRD, the disparity increased (HR CS , 0.68; 95% CI, 0.66 to 0.69; Figure 2 ). We found that Hispanics were less likely to receive a living donor kidney transplant and less likely to die, though more likely to be lost to follow-up (Supplemental Table 2 ). On the basis of the differential rates of competing events (especially death) among Hispanics compared with non-Hispanic whites, the HR SD of 0.82 showed a 44% attenuation in the relative rate of transplantation (95% CI, 0.80 to 0.84). Moreover, once we accounted for geographic variability by stratifying on OPO (model 4), the difference in transplantation rates was further attenuated by an additional 56% (HR SD , 0.92; 95% CI, 0.89 to 0.95).
Analyses of Time to Waitlist and Time from Waitlist to Deceased Donor Transplantation
To further characterize the transition from dialysis initiation to kidney transplantation, we defined waitlisting as an intermediary event and separately analyzed the time from dialysis initiation to waitlisting and time from waitlisting to transplantation. Once accounting for competing events and adjusting for patient demographics, comorbidities, and OPO, there was minimal difference in the time to waitlisting between Hispanics and non-Hispanics (HR SD , 0.98; 95% CI, 0.96 to 1.00; Table 2 ). Moreover, once placed on the transplant waitlist and further adjusted for patient blood type, no statistical difference in time to transplantation existed between Hispanics and non-Hispanics (HR SD , 0.99; 95% CI, 0.96 to 1.02). Of note, the sample size of the cohort observed at time from waitlisting to transplantation was smaller (n=86,122) because only waitlisted transplant patients were included.
Regional Variability
We formally tested whether inclusion of OPO into the regression model significantly improved model fit. A likelihood ratio test was highly significant (P,0.001). We then explored regional variability in relative time to deceased donor kidney transplantation between Hispanics and non-Hispanics. Figure 3A illustrates the geographic distribution of Hispanics as a proportion among white ESRD patients by OPO. After adjusting for sociodemographic data, patient comorbidities, and competing risks, Figure 3B illustrates the geographic variability of HR SD stratified by OPO for Hispanics versus non-Hispanic whites within each US county for time from dialysis initiation to deceased donor kidney transplantation. Effect modification was present between Hispanic ethnicity and OPO (P=0.01). We performed a sensitivity analysis by restricting the analysis to OPOs consisting of at least 2% Hispanics, and excluded small OPOs containing less than a total of 100 Hispanic or non-Hispanic patients. We also restricted our analysis to patients in the continental United States and performed the analyses stratified on different age groups (Supplemental Table 3 ). Results from all sensitivity analyses were comparable with the main analyses.
Discussion
Overall, we found that Hispanics with ESRD were less likely to receive a deceased donor kidney transplant compared with non-Hispanic whites. However, when examining the distinct steps to transplantation, Hispanics were as likely to be placed on the transplant waitlist, but experienced a lower likelihood of undergoing deceased donor kidney transplantation. Interestingly, after stratifying for geographic residence (i.e., residence within the catchment area of a specific OPO) and accounting for blood type and competing events, the disparity in deceased donor kidney transplantation was reduced substantially; this is informative and indicates that the rapidly growing Hispanic population tends to concentrate in highly populated OPOs with limited organ availability. By using a competing risks framework, we were able to elucidate different components of the Hispanics' differential access to kidney transplantation. As observed in regular clinical practice (HR CS ), Hispanics are transplanted at a lower rate compared with non-Hispanics even after accounting for demographics, comorbidities, and geography. However, when considering death as a competing event (HR SD ), the observed Hispanic survival suggests that sicker, non-Hispanic patients may be more likely to die, enriching the non-Hispanic cohort with more transplanteligible patients. In addition, because blood type differs between Hispanic and non-Hispanic individuals and is a determinant of receipt of a deceased donor kidney transplant, its absence in the ESRD to transplant analyses best explains the slightly reduced rate of transplant among Hispanics, which was not observed when examining the two distinct steps to deceased donor transplantation separately. Overall, once differences in blood type, geographic location, and competing risks were taken into account, the transplant disparity among Hispanics reduced substantially and can be explained by these factors: (1) the tendency for Hispanics to reside in OPOs with longer waiting times; (2) the Hispanic survival advantage, which is also well documented in the literature (29-31); and (3) the higher likelihood of blood type O in the Hispanic population.
Few reports have described the reduced access to kidney transplantation among the Hispanic ESRD population. In 2004, a small study (N=1335) performed by Sequist et al. found that Hispanics living in Arizona and New Mexico were less likely than whites to be placed on the transplant waitlist (relative risk [RR], 0.68; 95% CI, 0.50 to 0.88) and receive a transplant (RR, 0.58; 95% CI, 0.39 to 0.86) (14) . In a more recent study analyzing the determinants of deceased donor kidney transplantation across several US racial and ethnic groups using a comprehensive national registry, Hispanics were found to be less likely to be placed on the transplant waitlist and the overall likelihood of deceased donor transplantation was lower (HR, 0.72; 95% CI, 0.70 to 0.74) compared with the Caucasian population (11) . Similar to our analysis, Hall et al. found that geographic variation as well as linguistic isolation played an important role in possibly explaining the disparity in kidney transplantation among Hispanics as well as other minority groups (11) . Lastly, in a single-center study analyzing time from dialysis initiation to placement on the waitlist, Hispanics (N=452) were found to experience significantly longer waiting time compared with non-Hispanic whites (27) .
In 1998, in an effort to address the geographic boundaries in organ allocation, the Department of Health and Human Services issued the Final Rule to the Organ Procurement and Transplantation Network (OPTN) and UNOS requiring the implementation of new deceased donor organ allocation policies to distribute organs over as wide of a geographic area as possible on the basis of medical necessity (32) . Realization of a national allocation system could not be achieved primarily due to concerns of increased transportation costs of organ procurement and prolonging cold ischemia time raising the probability of organ nonfunction after transplantation (33) .
Geographic variability in access to the kidney transplant waiting list and deceased donor transplantation has been well described in a few studies (22, 34) . In the 2010 OPTN annual data report, the median waiting times for deceased donor kidney transplant varied widely, ranging from ,2 years to nearly 7 years (26). To better understand the national demand for kidney transplantation, Mathur et al. measured the ESRD incidence across the United States and, not surprisingly, found that kidney transplant rates were lower in high ESRD incidence areas (RR, 0.63; 95% CI, 0.61 to 0.65) (23) . Interestingly, the waitlist rates were not affected in the comparison of high to low ESRD incidence regions (RR, 1.02; 95% CI, 1.00 to 1.04), which may be explained by supersaturation in a high ESRD incidence region and by the practice patterns of local providers. For example, in OPOs with longer median waiting times, transplant providers may be more inclined to place their patients on the waitlist earlier to accrue waiting time.
According to the 2010 US Census Data, the geographic distribution of Hispanics is primarily concentrated in the West (41%) and the South (36%), which exceeds the national level of 16% (35) . Figure 3A illustrates the geographic distribution of Hispanics among all whites with ESRD in the United States, which parallels the national census data. Interestingly, after accounting for competing risks and adjusting for sociodemographic data, patient comorbidities, and designated OPO, we found that Hispanics were actually as likely and, at times, more likely to receive a kidney transplant compared with non-Hispanic whites in regions of the country heavily populated by Hispanics, with the exception of Texas, Arkansas, and New Mexico ( Figure 3B ). To address linguistic and cultural barriers in regions of the country composed of a large Hispanic community, medical centers may be better equipped with more efficient interpretation services and may distribute culturally appropriate educational materials to increase CKD and transplantation awareness. Among first-generation immigrants, approximately 53% of all foreign-born residents in 2010 were from Central and South America-of those, Hispanics of Mexican origin were least likely to undergo US naturalization (36) . Therefore, states more heavily populated by Hispanics of Mexican origin (including Texas, New Mexico, Arizona, and Arkansas) are probably more likely to experience limited financial and social support, resulting in kidney transplantation disparities.
Our study's strengths included the analysis of large, national cohort of ESRD patients with comprehensive, long-term follow-up for transplantation and death in the Hispanic population. However, our study does have several limitations. First, the Hispanic population is a heterogeneous population with subgroups that differ culturally and genetically resulting in variable mortality and morbidity outcomes. Second, we were unable to ascertain health status at the time of waitlisting, dynamic changes in comorbid risk factors, and reasons for transplant waitlist removal. Third, accuracy of ethnicity reporting on the MER has not been validated. In addition, a recent study demonstrated some shortcomings in the reporting of patient comorbidities that likely resulted in nondifferential misclassification (37) . Forth, in order to maintain a consistent study population and avoid race-related confounding, we chose to exclude patients with reported race other than white (constituting ,6% of initial Hispanic cohort) as well as patients who received a preemptive deceased donor transplant. Fifth, although both cohorts experienced ,16% loss to follow-up, differential loss to follow-up was observed. Sixth, we were unable to obtain reliable panel reactive antibody levels at the time of waitlisting, limiting the inclusion of this potential confounder. Seventh, information on blood type was only available for waitlisted patients. Eighth, we were unable to reliably identify "waitlist inactivity" for patients on the transplant waitlist. Finally, we did not assess socioeconomic status and linguistic isolation, which could also affect access to transplantation.
In summary, the observed disparity in deceased donor transplantation among Hispanics is largely explained by regional variability of organ supply among various OPOs across the country. Given the increased prevalence and incidence of ESRD among Hispanics and geographic disparities in access to transplantation, health policy reforms focusing on methods to increase the effective organ supply to areas with endemic ESRD could have a tremendous effect on improving organ equity without necessarily diminishing the utility of the donated organ. Our findings highlight the tremendous need for organ allocation policy reforms to overcome the geographic disparities that Hispanics encounter in the path to deceased donor kidney transplantation.
